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ABSTRACT 
 
The objective of this study was to correlate the Biuret, Lowry, Bradford, and Mlikoscan methods used to 
determine the level of protein in goat's milk and compare them with the Kjeldahl method. Milk samples 
collected from 18 goats of breeds Saanen (n=5), Anglo-Nubian (n=4), Pardo-alpina (n=5), and Creole 
(n=4) were analyzed. Correlation analyses between the different methods were performed using the 
Pearson test and the protein content between different breeds was compared using ANOVA. Total protein 
(TP) and casein (CN) concentrations obtained by all methods studied were positively correlated with the 
Kjeldahl method (p<0.01). The Bradford method presented the lowest correlation coefficient. All methods 
apart from Bradford showed significant differences in TP and CN between the Anglo-Nubian and Pardo-
alpina breeds (p<0.05). The Bradford method showed significant differences in TP between the Saanen 
and Pardo-alpina breeds (p<0.05), and no differences were found between breeds reegarding CN. In 
conclusion, the Bradford method had the lowest correlation value (TP and CN) with the Kjeldahl, and the 
Bradford method did not show the same pattern of differences between breeds in TP and CN, as was 
evidenced in all other methods. Therefore, the use of the Bradford method is not recommended to 
determine proteins in goat’s milk. 
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RESUMO 
 
O objetivo deste estudo foi correlacionar os métodos de Biuret, Lowry, Bradford e Mlikoscan utilizados 
para a determinação da proteína do leite de cabra e compará-los com o método de Kjeldahl. Dezoito 
amostras de leite das raças Saanen (n=5), Anglo-nubiana (n=4), Pardo-alpina (n=5) e crioula (n=4) foram 
analisadas. Correlação entre os diferentes métodos foram realizadas (teste de Pearson) e o conteúdo de 
proteína entre diferentes raças foi comparado por ANOVA. As concentrações de proteína total (PT) e 
caseína (CN) foram correlacionadas positivamente entre todos os métodos com o Kjeldahl (p<0,01), 
mostrando Bradford a menor correlação. Todos os métodos, exceto Bradford, mostraram diferenças 
significativas na PT entre as raças Anglo-nubiana e pardo-alpina (p<0,05) e na CN entre Saanen e Pardo-
alpina (p<0,05). Bradford mostrou diferenças significativas em PT entre Saanen e Pardo-alpina (p<0,05); e 
não foram encontradas diferenças entre raças na CN. Em conclusão, o método de Bradford apresentou a 
menor correlação (TP e CN) com o Kjeldahl, e por Bradofrd não foi mostrado o mesmo padrão de 
diferenças entre raças em PT e CN, como foi evidenciado por todos os outros métodos. Portanto, sugere-
se que o método de Bradford não seja recomendado para a determinação de proteínas no leite de cabra. 
 
PALAVRAS-CHAVE: Biureto, Bradford, Kjeldahl, Lowry, cabras. 
 
 
The concentration of total protein (serum proteins and caseins) in milk is one of the parameters used 
to determine its quality, in addition to other indicators of composition and hygienic-sanitary quality (VEGA et 
al. 2007, FRAU et al. 2012). Milk proteins play an important role in technological products, such as the 
production of artisanal cheeses, which is of great importance in goat rearing. At the laboratory level, different 
methodologies have been developed to determine how the composition and especially the content of protein 
of milk and casein fractions influence technological processes, such as cheese performance (PELÁEZ 
PUERTO et al. 2003, DAMIÁN et al. 2008). However, different studies use different methods to determine 
the protein content in goat's milk (Biuret: RAIMONDO et al. 2013, Bradford: DOS SANTOS et al. 2017, 
Kjeldahl: OLALLA et al. 2009, Lowry: AL-ABDULKARIM et al. 2013, Milkoscan: EL-TARABANY et al. 2018); 
with the Kjeldahl method as a reference (BRADLEY et al. 1992, ZENG 1996).  Although there are some 
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studies that evaluated and correlated different methods to determine protein content in milk, they were made 
with human milk (KELLER & NEVILLE 1986, LONNERDAL et al. 1987). Given that there is a high variability 
in the composition of milk in general and in the protein composition between species (POTOCNIK el al. 
2011, BARLOWSKA et al. 2011), it is necessary to verify and validate the different methods according to the 
species. Considering this information, the objective of this study was to correlate different methods used in 
the determination of proteins in goat's milk (Lowry, Biuret, Bradford and Mlikoscan) and contrast them with 
the standard method of Kjeldahl. Additionally, the content of milk protein of different goat breeds was 
compared by the different methods to evaluate if all discriminate the same differences between breeds. 
Individual milk samples from 18 goats of the breeds Saanen (n=5), Anglo-Nubian (n=4), Pardo Alpina 
(n=5), and Creole (n=4) were collected. The goats were in the middle of lactation in a commercial farm in the 
Department of Canelones, Uruguay. All animals were subjected to the same care and sanitary and nutritional 
regime. Milk samples were preserved with 0.05% potassium dichromate, kept under refrigeration at 4 ºC. 
They were later skimmed (LD) by centrifugation at 2500 x g for 30 minutes at 4 °C. An aliquot of the LD of 
each animal was precipitated at pH 4.6 for the determination of total casein (CT), calculated as the difference 
between total protein and serum protein (CT = total protein in LD - total protein in serum). The content of 
total nitrogen (NT), soluble nitrogen at pH 4.6 (NS), and casein nitrogen (NC) (calculated as NC = NT - NS) 
was analyzed by the Kjeldahl method (N x 6.38) (AOAC 1991). 
The Lowry (Folin-Ciocalteu, LOWRY et al. 1951), Biuret (reaction of cupric ion in alkaline solution, 
GORNALL et al. 1949), Bradford (Bio-Rad - micro, Brilliant Blue G-250, BRADFORD 1976), and Milkoscan 
(Milk Scan-104 instrument, Foss Electric, Hillerod, Denmark) methods were employed to determine the 
concentration of protein in the milk.  
The correlation analyzes between the different methods and the Kjeldahl method was performed using 
the Pearson correlation test. The comparison of the total protein content between the different breeds for 
each method was analyzed by ANOVA. Differences were considered significant when p<0.05. The data are 
presented as mean ± standard deviation (SD). 
 The concentration of total proteins in LD was positively and significantly (p<0.01) correlated with 
Milkoscan, Lowry, Biuret, and Bradford regarding the Kjeldahl method, with correlation coefficients (r) of 
0.97, 0.93, 0.88, and 0.76, respectively. Regarding the casein, the correlations with the Kjeldahl method 
were also significant (p<0.01), with r of 0.85, 0.77, and 0.60 for the Lowry, Biuret, and Bradford methods, 
respectively. The Lowry and Biuret methods had the highest correlation coefficients with Kjeldahl unlike the 
Bradford method. These results agree with other studies done with human milk and with previously skim 
samples (KELLER & NEVILLE 1986). However, different results were reported by LONNERDAL et al. 
(1987), who reported that the Bradford method, among others, achieved the highest correlation coefficient 
with the Kjeldahl method. A possible explanation for the differences in the results is that LONNERDAL et al. 
(1987) worked with whole milk, unlike our work and those of KELLER & NEVILLE (1986) in which the milk 
was skimmed. The content of fat may have possibly affected the content of protein in milk using the different 
methods. 
For the Kjeldahl, Lowry, Biuret, and Milkoscan methods, significant differences (p<0.05) were found in 
the total protein content in the LD between the Anglo-Nubian and Pardo Alpina breeds (Figure 1A). However, 
this difference did not occur when using the Bradford method, by which a significant difference (p<0.05) was 
found between the Saanen and Pardo Alpina breeds (Figure 1A). Similar results were found for the casein 
content, in which the Kjeldahl, Lowry, and Biuret methods showed significant differences (p<0.05) between 
Anglo Nubian and Pardo Alpina breeds, whereas by the Bradford method no differences were found between 
breeds (Figure 1B).  
The differences in the total protein content of LD and casein per breed had the same pattern when 
determined using the Kjeldahl, Lowry, and Biuret methods. This is important since there was a high and 
significant correlation when using these methods and the different methods achieved the same differences 
between breeds. However, the Bradford method not only has the lowest values of protein correlation 
coefficients with Kjeldahl, but it was also the only method by which the difference in protein content between 
breeds dis not correspond to that obtained by the others methods. 
In conclusion, the Lowry and Biuret methods (both for total proteins and caseins) as well as the 
Milkoscan method (only for total proteins), present a high correlation with the Kjeldahl method. Furthermore, 
all these methods obtained the same pattern of differences between breeds in the milk protein content. 
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However, the Bradford did not show the same pattern as the other methods, and since it had the lowest 
correlation value with the Kjeldahl, it is not recommended for the determination of proteins in goat’s milk. 
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Figure 1. Total protein (A) and casein (B) content in skimmed milk by the Kjeldahl, Lowry, Biuret, Bradford, 
and Milkoscan methods in the Anglo-Nubian (AN), Saanen (San), Pardo Alpina (PA), and Creole (C) 
breeds. Different letters between breeds for the same method differ with p<0.05. 
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